We have analyzed galaxy properties in the environment of a sample of 70 Ultra Steep Spectrum (USS) radio sources selected from the Sydney University Molonglo sky Survey and the NRAO VLA Sky Survey catalogues, using near-IR data complete down to K s = 20. We have quantified galaxy excess around USS targets using an Abell-type measurement N 0.5 (Hill & Lilly 1991). We find that most of the USS fields studied are compatible with being Abell class 0 richness clusters. A statistical analysis of the distribution of companion galaxies around USS radio sources show a pronounced tendency for such objects to be found in the direction defined by the radio axis, suggesting that they may be related to the presence of the radio sources. We have also measure the central concentration of light of the USS sample and compare these to the values obtained for field galaxies and galaxies selected through other methods. By using Spearman statistics to disentangle richnesses and concentration indices dependences, we detect a weak, but significant, positive correlation. We find that at z > 2 USS radio sources are more concentrated than field galaxies at similar redshifts, indicating that these objects trace the most massive systems at high redshift.
INTRODUCTION
Hierarchical galaxy formation models predicts that large galaxies and other massive structures, grow from mergers of small subunit of mass. Studying the properties of distant clusters of galaxies and their evolution can directly constrain theories of galaxy evolution and cosmological models (Bahcall & Fan 1998) . High redshift radio galaxies are ideal targets to find the most massive galaxies at a given redshift. Radio galaxies follow a close relation in the Hubble K − z diagram (Lilly & Longair 1984) . At z 1 they are 2 magnitudes brighter than normal galaxies at these redshifts (De Breuck et al. 2002) , and can be used to find the most luminous star-forming populations. Using galaxy evolution models, Rocca-Volmerange et al. (2004) , find that the brightest luminosity limit of the Hubble K diagram for typical powerful radio galaxies, correspond to the most massive elliptical galaxies of ∼ 10 12 M⊙. One of the most successful technique to find high redshift radio galaxies, has been the ultra steep spectrum criterion (USS) (Röttgering et al. 1994; Chambers et al. 1996a; Blundell et al. 1998) . Selecting sources with steep radio spectra (α −1.30; Sν ∝ ν α ) increases dramatically the chance of finding z > 2 radio galaxies (Röttgering et al. 1994; Chambers et al. 1996b; Jarvis et al. 2001) . It has been known for some time that USS radio galaxies share a close relationship with groups and clusters of galaxies (Chambers et al. 1996a; Knopp & Chambers 1997) . From cross-correlation analysis (Bornancini et al. 2004a) , there is evidence that USS sources at redshift ∼ 1 are located in cluster environments, comparable to that expected for clusters of Abell richness class 0 (Best 2000; Best et al. 2003) . Recently, the search for distant forming clusters of galaxies (proto-clusters) associated with radio galaxies has made significant progress in our knowledge of the large-scale structure at high redshifts (Pentericci et al. 1997; Kurk et al. 2000; Venemans et al. 2002; Miley et al. 2004) . Some high redshift radio galaxies show very close companion objects along the radio axis. Röttgering et al. (1996) , find a statistical excess of optical companion galaxies up to ∼ 80 kpc distance along the radio axis of USS radio sources. Pentericci et al. (2001) reported a similar effect, finding faint close companion galaxies along the radio axis. Croft et al. (2005) found evidence for a filamentary structure associated with the radio galaxy MRC 1138-262 at z = 2.16, consisting in a number of X-ray sources (Pentericci et al. 2002) , Lyα emitters (Pentericci et al. 2000) , Hα emitters (Kurk et al. 2004a) and EROs (Kurk et al. 2004b ) at redshifts close to that of the radio source, aligned with the axis of the radio emission of the central galaxy.
In this paper we analyze galaxy clustering and surrounding galaxy properties around a large sample of USS radio sources by studying an Abell-type measurement N0.5. We examine the dependence on the environmental variations and radio and/or IR source properties, such as the radio size, position angle of the radio structure and central concentration indices and the evolution with redshift. This paper is organized as follows: Section 2 describes the sample of analyzed, the source extraction, the completeness of the sample and photometry techniques. We quantify galaxy excess associated to USS radio galaxies in Section 3. We investigate the statistics of aligned companion galaxies respect to the radio axis of USS targets in Section 4. In section 5, we investigate the central light concentration of USS targets. Finally we discuss our results in Section 6.
Unless otherwise stated, we will use a flat cosmology with density parameters ΩM = 0.3, ΩΛ = 0.7 and a Hubble's constant H0 = 100 h kms −1 Mpc −1 .
DATA ACQUISITION
The USS sample selection and radio data used for this analysis was presented and described by De Breuck et al. (2004) . In short, we used the pre-release version of the SUMSS catalogue and the version 39 of the NVSS catalogue to construct and select a sample of Ultra Steep Spectrum sources. We used the Australia Telescope Compact array (ATCA) to measure radio morphologies and accurate radio positions. We used 70 radio sources restricted to have an ultra steep radio continuum spectrum, with 53 sources with a spectral index cutoff α 1400 843 < −1.3 and 17 sources with α 1400 843 > −1.3. We have decided to retain these 17 sources in order to search correlations with other radio and/or IR properties. The near-IR data used in this work were obtained using the IRIS2 instrument at the 3.9m Anglo-Australian Telescope at Siding Spring Observatory. Conditions were mostly photometric with FWHM ∼ 2.
′′ A Ks filter was used. The pixel size was 0.
′′ 446/pixel, resulting in a respective ∼ 8 ′ × 8 ′ field of view. For the 20 sources not detected in the AAT/IRIS2 images, we obtained deeper Ks-band images using the Son of Isaac (Sofi) instrument at the ESO 3.5m New Technology Telescope (NTT). Conditions were photometric with ∼0.
′′ 7 seeing. The pixel size was 0.
′′ 292/pixel, resulting in a respective ∼ 5 ′ × 5 ′ field of view. The galaxy sample used in this work consist in galaxies identified in 50 images obtained with the AAT telescope and 20 deeper USS fields obtained with NTT telescope. A full description of sample selection, observations and image reductions is given in De Breuck et al. (2004) .
Photometry and Catalogue Creation
For object detection and photometry we used the v2.2.2 of the SExtractor software package (Bertin & Arnouts 1996) . For the AAT and NTT images, the source extraction parameters were set such that, to be detected, an object must have a flux in excess of 1.5 times the local background noise level over at least N connected pixels, according to the seeing conditions (∼5 and ∼8 pixels for AAT and NTT images, respectively). Four and six USS sources weren't detected with this detection threshold in the ATT and NTT images, respectively.
SExtractor's MAG BEST estimator was used to determine the magnitudes of the sources. In this work we choose all objects (galaxies) with stellaricity index < 0.8, for the AAT images and < 0.9 for the NTT images.
The result of the detection process was inspected visually in order to ensure that no obvious objects were missed, and that no false detections were entered into the catalogues. Saturated objects and objects lying in the image boundaries were rejected from the catalogues.
Our sample sources is listed in Table 1 and Table 2 in IAU J2000 format, together with the spectral index α 1400 843 , position angle of the radio structure determined from the ATCA maps, largest radio size (LAS), the Ks counterpart magnitude, the Hill & Lilly quantity N0.5, the corrected central concentration, the spectroscopic redshift (De Breuck et al. 2005 ) and the expected redshift, estimated from the K − z Hubble Diagram and the 1.5 σ limiting magnitude per field.
Monte-Carlo test of completeness
In order to investigate the accuracy of the total magnitudes, the complete level of the source extraction (deblending) and set the appropriate value of the Ks-magnitude limit for inclusion in our sample, we have produced a Monte-Carlo test. A series of model galaxies and stars was made using the IRAF 1 ARTDATA mkobjects task with typical magnitudes, sizes, redshifts and Poisson noise, similar than our images. We created 20 artificial images with 30% of the galaxies represented by a de Vaucouleurs's law and 70% with an exponential disk surface brightness law. The model objects were then convolved with a Gaussian function representing the PSF effects. SExtractor was run on the original and to the convolved model images to determine the differences between input and observed due to the effects before mentioned. In Figure 1 , we plot the input and measured magnitudes of each detected object in the simulations (Left panel) and the scatter of the measured magnitudes as a function of input magnitudes (Right panel). We find low scatter generally at at bright magnitudes. At faint magnitudes we find some sources with a large deviations. These are caused by the proximity of a model object to a bright close source. We have checked the images and large errors such as these are avoided in the final output SExtractor catalogues.
The completeness fraction for model galaxies as a function of input magnitudes is shown in Figure 2 (Left panel) for the AAT images. These simulations have shown that the Ks-magnitude limit is Ks ∼ 20. We have done similar analysis for the NTT images where the magnitude limit was Ks ∼ 21.5 (See Figure 2 , Right panel).
CLUSTER RICHNESS ASSOCIATED TO USS
In order to obtain an indication of the cluster richnesses associated to USS targets, we have calculated the Hill & Lilly (Hill & Lilly 1991) quantity. This is an Abell-type measurement, defined as the number of excess galaxies within a circle of of projected radius 0.5 Mpc (at the USS redshift), with magnitudes in the range m1 to m1 + 3, where m1 is the typical magnitude of a USS radio galaxy. For comparison with previous studies we adopt a cosmolgy with ΩM = 0.3, ΩΛ = 0.7 and H0 = 100 h kms −1 Mpc −1 , with h = 0.7. The average number of galaxies within the same magnitude range in the background was subtracted from the counts in the USS fields, calculated from an annular area region of the image at projected distances greater than ∼ 1 Mpc distant from the USS targets. The uncertainties on N0.5 are dominated by the uncertainties in the background subtraction. We calculated the error on N0.5 from the √ N of this number. In Figure 3 , we plot N0.5 vs spectroscopic and expected redshift for USS images with limiting magnitudes fainter than m1 + 3. We calculated the expected redshift for a USS radio source from the K − z Hubble Diagram (De Breuck et al. 2002) , using a photometry of 64 kpc radio-galaxy magnitudes. To calculate the 64 kpc metric apertures, we used the average correction for z > 1,
Some USS targets analyzed in this work show spectral signatures of QSOs. In this case, light from the AGN will dominate light from the host galaxy, making a direct measurement of m1 impossible, m1 is therefore estimated from the K − z Hubble Diagram (De Breuck et al. 2002; De Breuck et al. 2004) . We compare our determinations with the richness measurements of Hyperluminous Infrared Galaxies (HLIRGs) taken from Farrah et al. (2004) and we also plot the normalization between the value of N0.5 and the traditional Abell richness as quoted in this work.
We find a variety of galaxy environments around our sample of USS targets. Most of the fields studied are compatible with being Abell class 0 richness clusters. Röttgering et al. (1996) , find an excess of companion galaxies up to ∼ 80 kpc distance along the axes of the radio sources. Pentericci et al. (2001) reported a similar effect, finding nearby faint objects aligned with the direction of the main axis of the radio sources. All of these studies only deal with a few (< 30) companion galaxies. In this section we investigate the distribution of galaxies with respect to the USS radio axis. In Figure 4 (Left panel) we show the distribution of the relative angle between the radius vector to companion galaxies with respect to the radio axis for galaxies with 15 < Ks < 20 within 70 h −1 kpc of the USS targets, with spectroscopic or expected redshift z 1.5. The distribution shows that the companion galaxies are predominantly located in the direction defined by the radio axis.
DISTRIBUTION OF GALAXIES WITH RESPECT TO THE USS RADIO AXIS
Following Sales & Lambas (2004) we may quantify the departure from an isotropy distribution defining two statistical tools. First, the ratio f = N<30/N>60, where N<30 and N>60 is the number of objects with ∆φ < 30
• and with ∆φ > 60
• , respectively. For isotropy f = 1. And the second useful statistical measures of this anisotropy effect can be obtained by fitting a function to the φ distribution. We have adopted a double cosine function N = Acos(2φ) + B, and a linear fit N = a lin φ + b where A and a lin are the anisotropy parameter in each fit. For an isotropic distribution on ∆φ we expect A = a lin = 0. The resulting value is f = 1.7 ± 0.12. Uncertainties were calculated based on 20 bootstrap re-sampling of the data. A suitable estimate of the significance is obtained by calculating f for a random distribution of USS position angles. From this test, we estimate that our results are significant at the 95 % confidence.
For the second test, the resulting values are A = 3.2±0.6 and a lin = −0.07 ± 0.02. We do not find great differences between the two model fits, however the double cosine function is less sensitive to noise fluctuations at the extremes due to poor number statistics.
In Figure 4 (Right panel) we plot the distribution of the orientation of companion galaxies with 15 < Ks < 20 within 70 h −1 kpc of the USS targets with LAS > 70 h −1 kpc and with LAS < 70 h −1 kpc and with spectroscopic or expected redshifts z 1.5. We find that the sample of USS targets with LAS < 70 h −1 kpc are more aligned with the direction of the main axis of the radio galaxies that those with LAS > 70 h −1 kpc. For the USS sample with LAS < 70 h −1 kpc we obtain f = 1.8 ± 0.15, A = 4.2 ± 0.25 and a lin = −0.094 ± 0.013. And for the sample with LAS > 70 h −1 kpc, f = 1.55 ± 0.18, A = 1.5 ± 1.3 and a lin = −0.05 ± 0.05 for the first and the second test respectively.
It is worth noting that given that K-band traces the evolved stellar populations (rather than R-band which may be obtain reflection nebulae and young or star-forming galaxies) our results indicate that being these evolved populations aligned with the radio structure, indicates that the radio orientation is linked to the large scale structure traced by galaxies with substantial evolution in these structures.
We can interpret this effect with a dynamical model for the formation of massive galaxies. West (1994) proposed a dynamical origin for the alignment effect. In this picture, powerful high redshift radio galaxies are assumed to rep- resent an early stage in the formation of massive galaxies in the centers of rich clusters. Galaxy formation proceeds anisotropically by hierarchical merging of smaller protogalactic units along preferred directions, which are related to large-scale filamentary features in the surrounding mass distribution. As a consequence of this anisotropic formation process, these galaxies are quite prolate in shape. Infalling gas will quickly settle into an accretion disc whose angular momentum vector is aligned with the major axis of the galaxy mass distribution. If the radio jet emerges in the direction of this angular momentum vector, a natural consequence of such formation model is that one would expect companion galaxies to be preferentially located along the radio axis. The model proposed here does not preclude the possibility that some fraction of the aligned light may have its origin in jet-induced star formation. In this case, this phenomena is only a second order effect which may act to enhance further the alignments with the radio axis.
CENTRAL CONCENTRATION INDICES
In this Section we have analyzed the USS galaxy morphology using an automated classification system based on central concentration of light. We used the concentration index (C), which is the fraction of an object's light contained in the central 30% of its area as measured in an ellipse aligned with the object and having the same axial ratio (see Abraham et al. (1994) ; Smail et al. (1997) ).
The interpretation of the observed central light concentration indices has been assessed using galaxy model simulations, which is discussed in the next Subsection.
Simulations and the effects of seeing
We have done a set of galaxy image simulations in order to investigate the seeing effects degradation on central concentration indices. We created a series of model galaxies using the IRAF ARTDATA mkobjects task, similar to those analyzed in Section 2.4. The model objects were then convolved with a Gaussian function representing the PSF effects. SExtractor was run on the original and to the convolved model images to determine the differences between input and output values of C. We have done a similar analysis presented in Abraham et al. (1994) . We plot the central concentration indices as a function of input magnitude for objects with (4 PSF FWHM) 2 < area <(10 PSF FWHM) 2 and those with >(10 PSF FWHM) 2 (See Figure 5) . We note that small galaxies are largely affected by seeing. The lines represents the best fits between the input and recover positions on the diagram ( Figure 5, left panel) . On the other hand, we find that the PSF effect not affect the values of C when the projected area is substantially larger than the stellar seeing disk ( Figure 5 , right panel). Galaxies with projected areas smaller than (4 PSF FWHM) 2 were too strongly affected by seeing effects to be usefully classified.
Central Concentration indices properties
In Figure 6 we plot the corrected central concentration indices (C1) vs expected redshift or spectroscopic redshift for the USS sample, assuming a correction ∆C = 0.1, for galaxies with (4 PSF FWHM) 2 < area <(10 PSF FWHM) 2 , where ∆C is the difference between input and recover positions. We compare our determinations with the C1 vs z values of X-ray AGN selected sources in the Phoenix Deep Survey (Hopkins 1998; Georgakakis et al. 2004 ) and with determination obtain in the NICMOS Ultra Deep Field Abraham et al. (1994 Abraham et al. ( , 1996 . Filled circles and open represent input and output detected objects with (4 PSF FWHM) 2 < area <(10 PSF FWHM) 2 . The lines represent the mean recovered position of objects due to the effects of seeing degradation. Right panel represent objects with area >(10 PSF FWHM) 2 (UDF) (Gwyn & Hartwick 2005) . We use public K ′ -band images from Phoenix Deep Survey 2 , we ran SExtractor with same parameters explained in Section 2.1. We identify the X-ray sources with available spectroscopic or photometric redshifts taken from Georgakakis et al. (2004) . We have done the same analysis with the NICMOS (UDF) images 3 and then we cross-correlated our SExtractor catalogue with the public photometric redshift catalogue available in the NICMOS UDF web site. We have corrected the observed concentration indices as the same way as Section 5.1.
For this computation we don't measure the concentration indices of the QSOs in the sample, because they are dominated by the AGN light, making a direct measurement of C1 impossible.
We find that at z < 2 our C1 indices are similar with the concentration indices found in the field galaxies and X-ray selected sources. At z > 2 the USS sources are different from the general field population. They are highly concentrated in comparison with field galaxies at similar redshifts.
We believe that our USS sample represents the most massive star-forming systems, for a number of reasons. First, the concentration indices correlates with stellar mass (Conselice et al. 2005) . Second, as reviewed in the introduction, at z 1 high redshift radio galaxies are 2 magnitudes brighter than normal galaxies at similar redshifts. This difference suggest that radio galaxies pinpoint the most massive systems out to the highest redshift. Third, a recently finished VLT large project (Kurk et al. 2000; Venemans et al. 2002 Venemans et al. , 2004 Venemans et al. , 2005 Miley et al. 2004) has found overdensities of > 20 spectroscopically Lyα and/or Hα companion galaxies, associated with galaxy 2 Data and further information available at http://www.atnf.csiro.au/people/ahopkins/phoenix/ 3 Data available at http://orca.phys.uvic.ca/ gwyn/MMM/nicmos.html overdensities in all 5 targets studied.
We compare our richnesses measurements with concentration indices. In Figure 7 we plot the Hill & Lilly quantity N0.5 vs central concentration indices C1. We detect a weak, but significant, positive correlation between N0.5 quantity and C1. The Spearman rank correlation coefficients for this relations are r = 0.65 and r = 0.71 for the sample with spectroscopic and expected redshifts, respectively. For the whole redshift sample (spectroscopic and expected) we find r = 0.68.
A positive correlation between USS C1 parameter and the environment N0.5 value is expected given that the most massive USS hosts (those with larger C1 values) are likely to be found in the densest galaxy environments.
CONCLUSIONS
We have analyzed different data sets corresponding to a sample of 70 Ultra Steep Spectrum (USS) radio sources selected from the 843 MHz Sydney University Molonglo sky Survey (SUMSS) and 1.4 GHz NRAO VLA Sky Survey (NVSS).
We have quantified galaxy excess around USS targets using an Abell-type measurement. We find that most of the USS fields studied are compatible with being Abell class 0 richness clusters.
A search for companion galaxies along the radio axis present a statistically significant result. The distribution of companion galaxies around USS radio sources show a pronounced tendency for such objects to be found in the direction defined by the radio axis, suggesting that they may be related to the presence of the USS radio sources. We interpret this effect with a model for the formation of radio galaxies via highly anisotropic mergers (West 1994 ). Maybe some fraction of the aligned galaxies may have its origin in jet-induced star formation. We have also measure the central concentration of light of the USS sample and compare these to the values obtained for field galaxies and X-ray selected galaxies. We compare our richnesses determinations with concentration indices, and detected a weak, but significant, correlation between N0.5 and C1 values. Also, we find that the higher redshift USS radio sources are more concentrated than field galaxies at similar redshifts. This difference suggest that USS radio galaxies trace the massive systems at high redshift.
ACKNOWLEDGEMENTS
We thank the Referee for helping us to improve the original version of this work. Carlos Bornancini is specially grateful to Julian Martínez for helpful comments and suggestions. This work was partially supported by the Consejo Nacional de Investigaciones Científicas y Técnicas, Agencia de Promoción de Ciencia y Tecnología, Fundación Antorchas and Secretaria de Ciencia y Técnica de la Universidad Nacional de Córdoba. Table 1 . NTT Sample characteristics. Designation in IAU J2000 format, J2000 coordinates of the K−band identification, the spectral index α 1400 843 , position angle of the radio structure determined from the ATCA maps, largest radio size, the K counterpart magnitude, the Hill & Lilly quantity N 0.5 , the corrected central concentration, the spectroscopic and the expected redshift and the 1.5 σ limiting magnitude per field.
(1) 
